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DATA MANAGEMENT SYSTEM, DATA
MANAGEMENT METHOD, AND STORAGE
MEDIUM WITH DATA MANAGEMENT
PROGRAM STORED THEREON

The contents of the following Japanese patent application

(s) are incorporated herein by reference:
NO. 2020-063822 filed 1n JP on Mar. 31, 2020

BACKGROUND

1. Technical Field

The present invention relates to a data management
system, a data management method, and a storage medium
having stored thereon a data management program.

2. Related Art

In Patent Literature 1, it 1s described that “the out-of-date
monitoring data among the stored monitoring data 1s stored
by ¥ of the full rate”. Citation List Patent Literature

Patent Literature 1: Japanese Patent Application Publica-
tion No. 2006-115412

SUMMARY

In a first aspect of the invention, a data management
system 1s provided. The data management system may
include a data acquisition unit configured to acquire mea-
surement data obtained by measuring a measurement target.
The data management system may include a data storage
unit configured to store the acquired measurement data. The
data management system may include a data size reduction
unit configured to delete at least a part of the stored
measurement data to reduce the data size of the measure-
ment data. The data management system may include a data
compression unit configured to perform data compression on
the measurement data reduced in data size.

The data compression unit may be configured to losslessly
compress the measurement data reduced 1n data size.

The data management system may further include a data
decompression unit configured to decompress the stored
measurement data before the data size of the stored mea-
surement data 1s reduced.

The data si1ze reduction unit may be configured to reduce
the number of samples of the stored measurement data.

The data si1ze reduction unit may be configured to reduce
the bit width of the stored measurement data.

The data si1ze reduction unit may be configured to reduce
the data size of the measurement data 1n accordance with
clapse of a predetermined time.

The predetermined time may be an elapsed time after the
measurement data has been stored.

The predetermined time may be an elapsed time atfter the
measurement data has been last accessed.

The predetermined time may be set to a value that 1s
different for each measurement data.

The data management system may further include a data
transmission unit configured to transmit the measurement
data after the data compression to other systems or devices.

In a second aspect of the invention, a data management
method 1s provided. The data management method may
include acquiring the measurement data obtained by mea-
suring the measurement target. The data management
method may include storing the acquired measurement data.
The data management method may include deleting at least
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a part of the stored measurement data to reduce the data size
of the measurement data. The data management method may
include performing data compression on the measurement
data reduced 1n data size.

In a third aspect of the invention, a storage medium
having stored thereon a data management program 1s pro-
vided. The data management program may be executed by
a computer. The data management program may cause the
computer to function as a data acquisition unit configured to
acquire the measurement data obtained by measuring the
measurement target. The data management program may
cause the computer to function as a data storage unit
configured to store the acquired measurement data. The data
management program may cause the computer to function as
a data size reduction unit configured to delete at least a part
of the stored measurement data to reduce the data size of the
measurement data. The data management program may
cause the computer to function as a data compression unit
configured to perform data compression on the measurement
data reduced 1n data size.

The summary clause does not necessarily describe all
necessary features of the embodiments of the present inven-
tion. The present imnvention may also be a sub-combination
of the feature groups described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary block diagram of a data
management system 100 according to this embodiment.

FIG. 2 illustrates an exemplary measurement data
acquired by the data management system 100 according to
this embodiment.

FIG. 3 illustrates a diagram 1llustrating an exemplary flow
in which the data management system 100 according to this
embodiment reduces a data size of the measurement data to
compress the data.

FIG. 4 illustrates a diagram 1illustrating an exemplary
measurement data from a sensor A 1n a case where the data
management system 100 according to this embodiment
reduces the data size to compress data.

FIG. 5 illustrates a diagram illustrating an exemplary
measurement data from a sensor B 1n a case where the data
management system 100 according to this embodiment
reduces the data size to perform data compression.

FIG. 6 illustrates a diagram illustrating an exemplary
measurement data from a sensor C 1n a case where the data
management system 100 according to this embodiment
reduces the data size to perform data compression.

FIG. 7 illustrates a diagram 1illustrating an exemplary
measurement data from a sensor D 1n a case where the data
management system 100 according to this embodiment
reduces the data size to perform data compression.

FIG. 8 1llustrates an exemplary block diagram of the data
management system 100 according to a modification of this
embodiment.

FIG. 9 illustrates a diagram 1llustrating a computer 2200
in which a plurality of aspects of the mvention may be
embodied 1n whole or 1n part.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Heremafiter, the mmvention will be described through
embodiments, but the following embodiments do not limait
the invention according to the claims. In addition, not all of
the combinations of features described in the embodiments
are essential to the solving means of the invention.
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FIG. 1 illustrates an exemplary block diagram of a data
management system 100 according to this embodiment. The
data management system 100 according to this embodiment
acquires and stores measurement data which obtained by
measuring a measurement target. Then, the data manage-
ment system 100 deletes a part of the stored measurement
data to reduce the data size, and then performs data com-
pression on the measurement data.

In this embodiment, a case where the data management
system 100 handles the measurement data acquired from a
plurality of sensors provided in a plant as a management
target will be shown as an example. However, the invention
1s not limited thereto. The data management system 100 may
handle data from one or more sensors provided at any
locations that are different from the plant as a management
target.

The data management system 100 may be a computer

such as a PC (personal computer), a tablet computer, a smart
phone, a workstation, a server computer, or a general pur-
pose computer, or may be a computer system connected to
a plurality of computers. Such a computer system 1s also a
computer in a broad sense. In addition, the data management
system 100 may be installed in one or more virtual computer
environment that can run 1n a computer.
Alternatively, the data management system 100 may be a
dedicated computer designed for data management, or may
be a dedicated hardware realized by a dedicated circuit. In
addition, 1n a case where the data management system 100
can be connected to the Internet, the data management
system 100 may be realized by cloud computing.

The data management system 100 includes a data acqui-
sition unit 110, a data compression unit 120, a data storage
unit 130, a data decompression unit 140, and a data size
reduction unit 150. Note that these blocks may be functional
blocks which are functionally separated from each other, and
may not necessarily coincide with the actual device con-
figuration. In other words, a block may not necessarily be
composed of one device just because the block 1s shown as
one block in thus drawing. In addition, the blocks each may
not necessarilly be composed of separate devices just
because the blocks are shown as separate blocks 1n this
drawing.

The data acquisition unit 110 acquires the measurement
data obtained by measuring the measurement target. As an
example, the data acquisition unit 110 may be a communi-
cation unit, and for example, acquires the measurement data
obtained by measuring the measurement target via a com-
munication network from each of a plurality of sensors in a
chronological order.

Such a communication network may be a network that
connects a plurality of computers. For example, the com-
munication network may be a global network in which a
plurality of computer networks are connected to each other.
For example, the communication network may be the Inter-
net or the like using an Internet protocol. Alternatively, the
communication network may be realized by a dedicated line.
In other words, the data acquisition unit 110 can also
communicate directly or indirectly data with a mobile
phone, a smart phone, a fourth-generation (4G) terminal, a
fifth-generation (5G) terminal and the like to acquire mea-
surement data.

In the above description, a case where the data acquisition
unit 110 acquires the measurement data from each of the
plurality of sensors via the communication network has been
described as an example, but the mvention 1s not limited
thereto. The data acquisition unit 110 may acquire the
measurement data from each of the plurality of sensors via
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other means which 1s different from the communication
network, such as a user mput or various types of memory
devices.

Herein, such the plurality of sensors can acquire the
measurement data obtained by measuring the measurement
target. The plurality of sensors may be, for example, a sensor
installed 1n an OT (Operational Technology) region (for
example, a sensor for process control (measurement)) or an
Io'T (Internet of Things) sensor. As an example, the plurality
of sensors may be industrial sensors that are connected to or
integrally formed with one or more field devices nstalled 1n
a plant.

Herein, in addition to an industrial plant such as a
chemical plant, such a plant may be, for example, a plant for
managing and controlling a well source such as a gas field
or an o1l field and the surroundings thercof, a plant for
managing and controlling power generation such as hydro-
power, thermal power, nuclear power, or the like, a plant for
managing and controlling environmental power generation
such as solar power, wind power, or the like, and a plant for
managing and controlling water and sewage, dams, or the
like.

In addition, the field device nstalled 1n such a plant may
be, for example, a sensor such as a pressure gauge, a flow
meter, a temperature sensor, or the like, a valve device such
as a flow control valve, an opening/closing valve, or the like,
an actuator device such as a fan, a motor, or the like, an
imaging device such as a camera or a video for capturing a
situation or an object 1n the plant, an audio device such as
a microphone, a speaker, or the like which collects abnormal
noise 1n the plant or 1ssues an alarm, and a position detection
device for outputting position information of each device.

Therefore, the data acquisition unit 110 may acquire, from
cach of the plurality of field devices, for example, the
measurement data measured by the sensor 1itself and mea-
surement data measured inside the field device, such as
temperature, voltage, flow rate, acceleration, magnetic field,
position, camera image, ON/OFF data of a switch, sound,
and a combination thereol as the measurement data. In
addition, the data acquisition unit 110 may acquire a value
generated using a numerical expression based on these
pieces of data as the measurement data. The data acquisition
umt 110 supplies the measurement data acquired from each
of the plurality of sensors to the data compression unit 120.
Note that in the above description, a case where the data
acquisition unit 110 supplies the acquired measurement data
to the data compression unit 120 has been shown as an
example, but the mvention 1s not limited thereto. The data
acquisition unit 110 may supply the acquired measurement
data to the data storage unit 130.

The data compression unit 120 performs data compres-
s1on on the measurement data supplied from the data acqui-
sition unit 110. In addition, the data compression unit 120
performs data compression on the measurement data
reduced 1n data size supplied from the data size reduction
umt 150, as described later. At this time, the data compres-
sion unit 120 may losslessly compress (lossless compres-
sion) the measurement data reduced 1n data size.

Herein, the lossless compression 1s a data compression
method 1n which the data before compression and the data
subjected to compression/decompression (also called
“expansion’” and “extraction”) are completely equal. Such a
lossless compression algorithm includes, for example, a run
length encoding (RLE). The run length encoding 1s an
algorithm that compresses data by representing a series of
data with one piece of data and a length of continuation
thereof. Heremafter, a case where the data compression unit
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120 uses the run length encoding as a compression algorithm
will be described as an example, but the mvention 1s not
limited thereto. The data compression unit 120 may use
other compression algorithms that are different from the run
length encoding, for example, Huflman code, LZW (Lem-
pel-Zi1v-Welch), and the like. The data compression unit 120
supplies the compressed measurement data to the data
storage unit 130.

The data storage unit 130 stores the measurement data. As
an example, the data storage unit 130 may store, for each
sensor, the compressed measurement data supplied from the
data compression unit 120. Alternatively, or 1n addition, the
data storage unit 130 may store, for each sensor, the raw
measurement data acquired by the data acquisition unit 110.

The data decompression unit 140 decompresses the stored
measurement data before reducing the data size of the stored
measurement data. As an example, the data decompression
unit 140 reads out the measurement data that has been
losslessly compressed by the data compression unit 120
from the data storage umt 130 at a predetermined timing.
Then, the data decompression unit 140 decompresses the
losslessly compressed measurement data according to the
compression algorithm used by the data compression unit
120. In other words, the data decompression unit 140
restores the measurement data before the data compression
by the data compression unit 120. The data decompression
unit 140 supplies the decompressed measurement data to the
data size reduction unit 150.

The data size reduction unit 150 deletes at least a part of
the stored measurement data to reduce the data size of the
measurement data. As an example, the data size reduction
unit 150 deletes at least a part of the decompressed mea-
surement data which 1s supplied from the data decompres-
sion unit 140 to reduce the data size of the measurement
data. At this time, the data size reduction unit 150 may
reduce, for example, the number of samples of the measure-
ment data, or may reduce the bit width of the measurement
data. Note that, in a case where data size 1s reduced 1n this
way by deleting a part of the data, when the data 1s restored,
the data before the reduction will not be completely restored.
In other words, 1t can be said that the data size reduction unit
150 lossily compresses the measurement data (that 1s, lossy
compression). The data size reduction unit 150 supplies the
measurement data reduced 1n data size to the data compres-
sion umt 120.

Then, the data compression unit 120 performs data com-
pression on the measurement data reduced 1n the data size.
As an example, the data compression unit 120 compresses
the measurement data reduced 1n data size, which 1s supplied
from the data size reduction unit 150, by the run length
encoding similarly to the measurement data supplied from
the data acquisition unit 110. The data compression unit 120
supplies, to the data storage unit 130, the measurement data
which has been compressed after being reduced in data size
in this way. Then, the data storage unit 130 rewrites the
stored measurement data to the measurement data which has
been compressed after being reduced in data size. In the
above description, a case where the data management sys-
tem 100 reads out the measurement data from the data
storage unit 130, and overwrites the measurement data
stored 1n the data storage unit 130 with the measurement
data which has been decompressed, reduced 1n data size, and
compressed has been shown as an example. However, the
invention 1s not limited thereto. The data management
system 100 may take out the measurement data 1tself, which
has been stored in the data storage unit 130, from a storage
area, perform decompression, reduction in data size, and
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data compression thereon, and rewrite the data i1n the data
storage unit 130. In this way, the data storage unit 130
updates the stored measurement data to the measurement
data that has been compressed after being reduced in data
s1ze, and stores this again.

FIG. 2 shows an exemplary measurement data which 1s
acquired by the data management system 100 according to
this embodiment. In this drawing, a case where the data
management system 100 acquires the measurement data
from four sensors, that 1s, a sensor A, a sensor B, a sensor
C, and a sensor D. However, the invention 1s not limited
thereto. The data management system 100 may acquire the
measurement data from a plurality of sensors more than four,
or may acquire the measurement data from one or more
sensors less than four.

Herein, the types of the plurality of sensors may be the
same. In other words, all of the sensors A to D may be able
to acquire the same type of the measurement data. Alterna-
tively, some or all of the types of the plurality of sensors may
be different. In other words, some of the sensors A to D may
be able to acquire different types of the measurement data,
or all of the sensors A to D may be able to acquire different
types of the measurement data.

In this drawing, the measurement data from the sensor A,
the sensor B, the sensor C, and the sensor D 1n a predeter-
mined period 1s shown 1n a chronological order from Time
T=1 to Time T=14 1n order {from the top. In this drawing, a
case where the data management system 100 acquires the
measurement data from all the sensors 1n synchromization
with time 1s shown as an example. However, the invention
1s not limited thereto. The data management system 100 may
asynchronously acquire the measurement data from at least
some ol the plurality of sensors. Herein, the measurement
data from the sensor A may be, for example, data indicating
a plurality of states (X, Y, and Z) 1n a chronological order.
In addition, the measurement data from the sensor B may be,
for example, data indicating the OFF/ON of a switch 1n a
chronological order. In addition, the measurement data from
the sensor C may be, for example, time series data consisting
of integer values. In addition, the measurement data from the
sensor D may be, for example, time series data consisting of
second-largest fractional values.

The data management system 100 according to this
embodiment acquires and stores, for example, the measure-
ment data as shown 1n this drawing. Then, the data man-
agement system 100 deletes a part of the stored measure-
ment data to reduce the data size, and then performs data
compression on the measurement data. This will be
described in detail using a flow.

FIG. 3 shows an exemplary flow of data compression 1n
which the data management system 100 according to this
embodiment reduces the data size of the measurement data
to compress the data.

In Step 310, the data management system 100 acquires the
measurement data which has been obtained by measuring
the measurement target. As an example, the data acquisition
umt 110 acquires the measurement data obtained by mea-
suring the measurement target 1n a chronological order from
the plurality of sensors (for example, the sensor A, the sensor
B, the sensor C, and the sensor D) via the communication

network. For example, the data acquisition unit 110 acquires
a data array “XXXXXYXXXZZZYY” as the measurement

data from the sensor A from Time T=1 to Time T=14. The
data acquisition unit 110 supplies the measurement data
acquired from each of the plurality of sensors to the data
compression unit 120.
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In Step 320, the data management system 100 performs
ata compression on the measurement data. As an example,
ne data compression unit 120 performs data compression on
ne measurement data acquired 1n Step 310. At this time, the
ata compression unit 120 may losslessly compress the
measurement data acquired i Step 310. For example, the
data compression unit 120 may perform the run length

encoding on the data array “XXXXXYXXXZZZYY” to
obtain the data array “*X’5, °Y’, ‘X’3, ‘2’3, °Y’2”. This
indicates that “X” 1s repeated 5 times, followed by “Y” once,
tollowed by “X” repeated 3 times, followed by “Z” repeated
3 times, and followed by “Y” repeated 2 times. The data
compression unit 120 supplies the measurement data com-
pressed 1n this way to the data storage unit 130.

In Step 330, the data management system 100 stores the
measurement data. As an example, the data storage unit 130
stores the measurement data compressed 1 Step 320 for
cach sensor in a chronological order.

In Step 340, the data management system 100 determines
whether a predetermined time has elapsed. Such a predeter-
mined time may be, for example, an elapsed time after the
measurement data has been stored 1n Step 330. Alternatively
or 1n addition, the predetermined time may be an elapsed
time after the measurement data has been last accessed. In
addition, such a predetermined time may be set to a value
that 1s different for each measurement data. For example, the
predetermined time may be set to a value diflerent for each
sensor. Alternatively or 1n addition, the predetermined time
may be set to a value different for each period (Time m to
Time n). In the above description, a case where the data
management system 100 determines whether a predeter-
mined time has elapsed has been described as an example.
However, the invention 1s not limited thereto. The data
management system 100 may determine the occurrence of
other events different from the elapse of time, for example,
whether the remaining storage capacity of the data storage
unit 130 falls below a predetermined capacity.

In a case where 1t 1s determined that the predetermined
time has not elapsed, the data management system 100
determines whether to end the flow 1n Step 350. The data
management system 100 may, for example, determine
whether to end the flow based on the elapsed time after
starting the flow, the number of times the data size has been
reduced, the amount of reduction of data size, the number of
times the data has been compressed, and the presence/
absence of exit instruction from a user. In a case where 1t 1s
determined that the flow 1s to be ended, the data manage-
ment system 100 ends the flow. On the other hand, 1n a case
where 1t 1s determined that the flow 1s not to be ended, the
data management system 100 returns the process to Step 340
and continues the flow.

In Step 340, 1n a case where 1t 1s determined that the
predetermined time has elapsed, the data management sys-
tem 100 decompresses the measurement data 1in Step 360. As
an example, the data decompression unit 140 reads out the
measurement data losslessly compressed in Step 320 from
the data storage unit 130. Then, the data decompression unit
140 decompresses the losslessly compressed measurement
data according to the compression algorithm used by the
data compression unit 120 i Step 320. For example, the data
decompression unit 140 reads out, from the data storage unit
130, the data array “‘X’5, °Y’, *X’3, ‘2’3, °Y’2”, which 1s
stored as the measurement data from the sensor A. Then, the
data decompression unit 140 decompresses the data array,
and restores the original data array
“AXXXXYXXXZZZYY”. Belore reducing the data size of

the stored measurement data in this way, the data decom-
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pression unit 140 decompresses the stored measurement
data. Then, the data decompression unit 140 supplies the
decompressed measurement data to the data size reduction
unit 150.

In Step 370, the data management system 100 deletes at
least a part of the stored measurement data to reduce the data
s1ze of the measurement data. As an example, the data size
reduction unit 150 deletes at least a part of the measurement
data decompressed 1n Step 360 to reduce the data size of the
measurement data. At this time, the data size reduction unit
150 may reduce the number of samples of the stored
measurement data. As an example, for the measurement data
from the sensor A, the data size reduction unit 150 may
delete the data at the even-numbered time 1n the decom-
pressed data array “XXXXXYXXXZZZYY” to obtain data
array “XXXXXZY”. Alternatively or in addition, the data
s1ize reduction unit 150 may reduce the bit width of the
stored measurement data. As an example, for the measure-
ment data from the sensor D, the data size reduction unit 150
may round ofl the second-largest fractional value to obtain
time series data “1.3, 13, ...,16,16,..., 18, 1.8
consisting of the first-largest fractional value. In the above
description, a case where the rounding-oil 1s used when the
data size reduction unit 150 reduces the number of valid
digits has been described as an example, but 1s not limited
t
t

nereto. The data size reduction unit 150 may use a method
nat 1s different from the rounding-ofl, such as rounding
down and rounding up. In addition, the data size reduction
umt 150 may reduce the data size of the measurement data
by reducing the number of bits for quantizing each of the
measurement data having a dynamic range in a chronologi-
cal order (for example, reducing the number of bits from 16
bits to 8 bits). In this way, the data size reduction unit 150
may lossily compress the measurement data by thinning the
samples 1n the time axial direction or by reducing the bit
width 1n the size axial direction (reducing the number of
quantized bits). Thus, the data size reduction unit 150
reduces the data size of the measurement data in accordance
with elapse of the predetermined time. The data size reduc-
tion unit 150 supplies the measurement data reduced 1n data
size to the data compression unit 120. Then, the data
management system 100 returns the process to Step 320, and
continues the tlow.

In other words, 1 Step 320 following Step 370, the data
management system 100 performs data compression on the
measurement data reduced 1n data size. As an example, the
data compression unit 120 compresses the measurement data
of which the data size has been reduced i Step 370, as 1n
Step 320 following Step 310. For example, for the measure-
ment data from the sensor A, the data compression unit 120

performs the run length encoding on the data array
“XXXXXZY” which has been reduced 1n the data size 1n

Step 370, to obtain data array “*X’5, *Z°, °Y’”. The data
compression unit 120 supplies the measurement data which
has been compressed after being reduced in data size to the
data storage unit 130.

Then, 1n Step 330 following Step 370, the data manage-
ment system 100 updates and stores the measurement data
again. As an example, the data storage umt 130 updates the
stored measurement data to the measurement data that has
been compressed after being reduced 1n data size, and stores
this again. For example, for the measurement data from the
sensor A, the data storage unit 130 rewrites the data array
“X’5, Y7, ‘X3, ‘2’3, °Y’2” to the data array “*X’3, ‘Z’,
‘Y77,

The data management system 100 repeats such processes
until it 1s determined that the tflow 1s to be ended 1n Step 350.
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FIG. 4 shows an exemplary measurement data from the
sensor A 1n a case where the data management system 100
according to this embodiment reduces the data size to
compress the data. It 1s assumed that the data management
system 100 has acquired the data array shown 1n FIG. 2, for
example, at Time T1 to T14 as the measurement data from
the sensor A. In this case, the data management system 100
performs data compression on the acquired data array, and
stores the compressed data array as the data array “*X’5, Y,
‘X3, 72’73, °Y’2”. Then, 1n a case where the predetermined
time has elapsed, the stored data array 1s decompressed to
obtain data array “XXXXXYXXXZZZYY”. Then, the data
management system 100 deletes the data at the even-
numbered time 1n the decompressed data array to obtain the
data array “XXXXXZY”. Then, the data management sys-
tem 100 performs data compression again on the data array
reduced 1n data size so as to obtain the data array ““X’5, 7,
“Y’”, and rewrites the stored measurement data to the data
array.

FIG. 5 shows an exemplary measurement data from the
sensor B 1n a case where the data management system 100
according to this embodiment reduces the data size to
compress the data. It 1s assumed that the data management
system 100 has acquired the data array shown 1n FIG. 2, for
example, at Time T1 to T14 as the measurement data from
the sensor B. In addition, here, 1t 1s assumed that it 1s already
known that an 1nitial state of the measurement data 1s OFF.
In this case, the data management system 100 performs data
compression on the acquired data array, and stores the
compressed data array as the data array “3164”. In this way,
in a case where the measurement data 1s binary data and the
initial value 1s already known, the data management system
100 may perform data compression to show only the number
of data until the value (state) changes. Then, 1n a case where
the predetermined time has been elapsed, the stored data
array 1s decompressed to obtain the data array
“00010000001111”. Herein, “0” indicates an OFF state, and
“1” indicates an ON state. Then, the data management
system 100 deletes the data at the even-numbered time 1n the
decompressed data array to obtain the data array “0000011”.
Then, the data management system 100 performs data
compression again on the data array reduced 1n data size so
as to obtain the data array “52”, and rewrites the stored
measurement data to the data array.

FIG. 6 shows an exemplary measurement data from the
sensor C 1n a case where the data management system 100
according to this embodiment reduces the data size to
compress the data. In the above description, a case where the
data management system 100 reduces the data size of the
measurement data by thinning the samples to be 4 1n the
time axial direction has been described as an example.
However, the thinning rate of the samples may be any value.
For example, the data management system 100 may reduce
the data size of the measurement data by thinning the
samples to be ¥4 1n the time axial direction. It 1s assumed that
the data management system 100 has acquired the data array
shown 1n FIG. 2, for example, at Time T1 to T14 as the
measurement data from the sensor C. In this case, the data
management system 100 performs data compression on the
acquired data array, and stores the compressed data array as
the data array “°12°3, 137, ‘12°3, ‘13°, ‘12°2, ‘16°, 20,
‘24°, 28”7, Then, 1n a case where the predetermined time
has been elapsed, the stored data array 1s decompressed to
obtain the data array *“12, 12, 12, 13,12, 12, 12, 13, 12, 12,
16, 20, 24, 28”. Then, the data management system 100
deletes the data at the time other than the 1st, 5th, 9th, and
13th time 1n the decompressed data array to obtain the data
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array “12, 12, 12, 24”. Then, the data management system
100 performs data compression again on the data array
reduced 1n data size so as to obtain the data array ““127°3,
‘24’7, and rewrites the stored measurement data to the data
array.

FIG. 7 shows an exemplary measurement data from the
sensor D 1n a case where the data management system 100
according to this embodiment reduces the data size to
compress the data. In the above description, a case where the
data management system 100 reduces the data size of the
measurement data by thinning the samples in the time axial
direction has been described as an example. However, the
data management system 100 may reduce the data size of the
measurement data by coarsening the resolution in the size
axial direction to reduce the number of quantized bits. It 1s
assumed that the data management system 100 has acquired
the data array shown 1n FIG. 2, for example, at Time 11 to
114 as the measurement data from the sensor D. In this case,
the data management system 100 performs data compression
on the acquired data array, and stores the compressed data

array as the data array ““1.34°, °1.327, *1.33’, *1.34°, *1.33’,
‘1347, °1.56°,‘1.64°,°1.61°, °1.83°2,°1.84°2, °1.82°”. Then,
in a case where the predetermined time has been elapsed, the

stored data array 1s decompressed to obtain the data array
“1.34, 1.32, 1.33, 1.34, 1.33, 1.34, 1.56, 1.64, 1.61, 1.83,

1.83, 1.84, 1.84, 1.82”. Then, the data management system
100 reduces the number of valid digits with respect to each
value of the decompressed data array (for example, the
second-largest fractional value 1s rounded to be the first-

largest fractional value) so as to obtain the data array ““1.3,
13,13,13,13,13,16,1.6,16,18,1.8,1.8,1.8,1.8".

Then, the data management system 100 performs data
compression again on the data array reduced in data size so
as to obtain the data array “1.3'6, '1.6'3, '1.8'S”, and rewrites
the stored measurement data to the data array.

For example, it 1s expected that the data size i1s explo-
sively 1increased, for example, by combining a process
control system in an operational technology (OT) domain
with a system 1n an information technology (IT) domain or
the like. In such a situation, it 1s not practical to store all data

as 1t 1s, so there 1s a need to reduce the data size or make a
selection. Conventionally, a data storage device has been
known 1n which out-of-time monitoring data is stored by %2
the full rate thereof. However, the conventional data storage
device only can secure the free space as much as the thinned
data.

In this regard, the data management system 100 according,
to this embodiment deletes at least a part of the stored
measurement data to reduce the data size, and then com-
presses the data. Thus, according to the data management
system 100 of this embodiment, 1t 1s possible to secure the
free space more than the deleted data size, and the measure-
ment data can be efliciently managed.

In addition, the data management system 100 according to
this embodiment losslessly compresses the measurement
data reduced 1n data size. Thus, according to the data
management system of this embodiment, by combiming the
lossless compression and the lossy compression, 1t 1s pos-
sible to secure the free space more than the deleted data size
while being able to restore the measurement data before the
compression without loss.

In addition, the data management system 100 according to
this embodiment further includes a data decompression unit
which decompresses the stored measurement data before
reducing the data size of the stored measurement data. Thus,
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according to the data management system, 1t 1s possible to
always store the measurement data 1n a losslessly com-
pressed state.

In addition, when the data size of the measurement data
1s reduced, the data management system 100 according to
this embodiment reduces the number of samples of the
stored measurement data, or reduces the bit width of the
stored measurement data. Thus, according to the data man-
agement system 100 of this embodiment, it 1s possible to
selectively delete at least a part of the measurement data 1n
cither the time axial direction or the size axial direction
according to the characteristics of the measurement data.

In addition, the data management system 100 according to
this embodiment reduces the data size of the measurement
data 1n accordance with elapse of the predetermined time.
Herein, the predetermined time may be the elapsed time
alter the measurement data 1s stored, or the elapsed time
after the measurement data has been last accessed. In
addition, the predetermined time can be set to a value that 1s
different for each measurement data. Thus, according to the
data management system of this embodiment, the capacity
required for storage can be reduced preferentially from
out-of-date measurement data or the measurement data,
which has been not accessed, for each sensor or each period.

In the above description, a case where the data manage-
ment system 100 reduces the data size to compress the data
without leaving the acquired measurement data as it 1s has
been described as an example. However, the invention 1s not
limited thereto.

FIG. 8 shows an exemplary block diagram of the data
management system 100 according to a modification of this
embodiment. In FIG. 8, the same symbol 1s attached to a
member having the same function and configuration as those
in FIG. 1, and the description will be omitted except for the
following differences. The data management system 100
according to this modification may be installed in, for
example, the OT region, or may transmit the measurement
data, which 1s acquired from a sensor installed in the OT
region, to other systems or devices 1nstalled in the IT region.
The data management system 100 according to this modi-
fication further includes a data accumulation umit 810 and a
data transmission unit 820.

In the data management system 100 according to this
modification, the data acquisition unit 110 supplies the
measurement data acquired from each of the plurality of
sensors to the data accumulation unit 810 instead of the data
compression unit 120.

The data accumulation unit 810 accumulates the mea-
surement data. As an example, the data accumulation unit
810 may store all the measurement data supplied from the
data acquisition unit 110, that 1s, the raw measurement data
as acquired, 1 a chronological order for each sensor. Then,
the data accumulation unit 810 supplies the measurement
data which 1s a transmission target to be transmitted to other
systems or devices among the accumulated measurement
data to the data compression unit 120. Such a transmission
target may be, for example, selected based on a user input,
or may be automatically selected by the data management
system 100.

Therefore, 1n the data management system 100 according
to this modification, the data compression unit 120 performs
data compression on the measurement data which 1s a
transmission target to be transmitted to other systems or
device among the measurement data acquired from each of
the plurality of sensors, and the data storage unit 130 stores
the measurement data. Then, in the data management system
100 according to this modification, decompression, reduc-

10

15

20

25

30

35

40

45

50

55

60

65

12

tion 1n data size, and data compression are performed with
such measurement data which 1s a transmission target which
has been stored in the data storage unit 130.

Then, the data transmission unit 820 transmits the mea-
surement data which has been compressed and stored 1n the
data storage unit 130, that is, the compressed measurement
data which 1s the transmission target, to other systems or
devices via a network.

In this way, the data management system 100 according
to this modification performs decompression, reduction in
data size, and data compression on the measurement data
which 1s the transmission target, while accumulating the raw
measurement data as acquired in the data accumulation unit
810, and transmits the compressed measurement data to
other systems or devices. Thus, according to the data man-
agement system 100 of this modification, for example, when
the measurement data 1s transmitted from the OT region to
the IT region, 1t 1s possible to reduce the data size to be
transmitted from the data management system 100.

Various embodiments of the mnvention may be described
with reference to a flowchart and a block diagram. The block
may be (1) a step of the process 1n which the operation 1s
performed, or (2) a section of a device which serves to
execute the operation. The specific step and section may be
mounted 1n a dedicated circuit, which 1s supplied together
with a computer-readable mstruction stored on a computer-
readable medium, and/or a processor which 1s supplied
together with a computer-readable instruction stored on the
computer-readable medium. The dedicated circuit may
include a digital and/or analog hardware circuit, or may
include an integrated circuit (IC) and/or a discrete circuait.
The programmable circuit may include a reconfigurable
hardware circuit including a logical AND, a logical OR, a
logical XOR, a logical NAND, a logical NOR, memory
clements such as other logical operations, tlip-tlops, regis-
ters, field programmable gate arrays (FPGAs), program-
mable logic arrays (PLAs), and the like.

The computer readable medium may include any tangible
device that can store mnstructions executed by the appropri-
ate device, and as a result, the computer-readable medium
having instructions stored in the device includes an 1nstruc-
tion that can be executed to create a means for performing
the operation designated 1n a flowchart or block diagram.
Examples of the computer-readable medium may include
clectronic storage medium, magnetic storage medium, opti-
cal storage medium, electromagnetic storage medium, semi-
conductor storage medium, and the like. More specific
examples of the computer-readable medium may include
floppy (registered trademark) disks, diskettes, hard disks,
random access memories (RAM), read-only memories
(ROM), erasable programmable read-only memories
(EPROM or flash memory) clectrically erasable program-

mable read- only memories (EEPROM), static random
access memories (SRAM), compact disk read-only memo-
riecs (CD-ROM), digital versatile disks (DVD), Blu-ray
(registered trademark) disks, memory sticks, integrated cir-
cuit cards, and the like.

The computer-readable instructions may include either
source code or object code written 1n any combination of one
or more programming languages, including assembler
instructions, 1struction set architecture (ISA) instructions,
machine instructions, machine-dependent 1nstructions,
microcode, firmware 1nstructions, state setting data, or
object-oriented programming languages such as Smalltalk
(registered trademark), JAVA (registered trademark), C++,
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etc., and traditional procedural programming languages such
as “C” programming languages or similar programming
languages.

The computer-readable instructions are provided locally
or over a wide area network (WAN) such as a local area
network (LAN), the Internet, etc., for processors or pro-
grammable circuits of general purpose computers, special
purpose computers, or other programmable data processors.
A computer-readable 1nstruction may be executed to create
a means for performing an operation specified 1n a flowchart
or block diagram. Examples of processors include computer
processors, processing units, microprocessors, digital signal
processors, controllers, microcontrollers, and the like.

FIG. 9 shows an exemplary computer 2200 in which a
plurality of embodiments of the present invention may be
embodied 1n whole or 1n part. A program installed on the
computer 2200 can cause the computer 2200 to perform
operations associated with the device according to the
embodiments of the mnvention or to function as one or more
sections of the device, may cause the computer 2200 to
execute the operations or the one or more sections, and/or
may cause the computer 2200 to perform the process accord-
ing to the embodiments of the invention or the steps of the
process. Such a program may be executed by a CPU 2212
to have the computer 2200 perform a specific operation
associated with some or all of the flowchart and the blocks
of the block diagram described 1n this specification.

The computer 2200 according to this embodiment
includes the CPU 2212, a RAM 2214, a graphic controller
2216, and a display device 2218, which are iterconnected
by a host controller 2210. The computer 2200 also includes
input/output units such as a communication interface 2222,
a hard disk drive 2224, a DVD-ROM drive 2226, and an IC
card drive, which are connected to the host controller 2210
via an nput/output controller 2220. The computer also
includes a legacy input/output unit such as a ROM 2230 and
a keyboard 2242, which are connected to the input/output
controller 2220 via an input/output chip 2240.

The CPU 2212 operates according to a program stored in
the ROM 2230 and RAM 2214, thereby controlling each
unit. The graphic controller 2216 acquires 1mage data gen-
crated by the CPU 2212 in a frame buller or the like
provided in the RAM 2214 or 1tseli, so that the image data
1s displayed on the display device 2218.

The communication interface 2222 communicates with
other electronic devices over a network. The hard disk drive
2224 stores programs and data used by the CPU 2212 1n the
computer 2200. The DVD-ROM drive 2226 reads the pro-
gram or data from a DVD-ROM 2201 and provides the
program or data to the hard disk drive 2224 via the RAM
2214. The IC card drive reads the program and data from the
IC card and/or writes the program and data to the IC card.

The ROM 2230 stores 1n it a boot program or the like
executed by the computer 2200 when activated, and/or a
program that depends on the hardware of the computer 2200.
The input/output chip 2240 may also connect various mput/
output units to the mput/output controller 2220 via a parallel
port, serial port, keyboard port, mouse port, or the like.

The program 1s provided by a computer-readable medium
such as the DVD-ROM 2201 or IC card. The program 1s read
from a computer-readable medium, installed on the hard
disk drive 2224, the RAM 2214, or the ROM 2230, which
are examples of the computer-readable medium, and
executed by the CPU 2212. The information processing
described in these programs 1s read on the computer 2200,
resulting in cooperation between the program and the vari-
ous types ol hardware resources described above. The
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device or method may be configured by realizing the opera-
tion or processing ol information according to the use of the
computer 2200.

For example, when communication 1s performed between
the computer 2200 and an external device, the CPU 2212
executes a communication program loaded into the RAM
2214 and may order the communication interface 2222 to
perform communication processing based on the processing
described in the communication program. Under the control
of the CPU 2212, the communication interface 2222 reads
the transmission data stored in the transmission bufler
processing area provided within a storage medium such as
the RAM 2214, hard disk drive 2224, DVD-ROM 2201, or
IC card, transmits the read transmission data to the network,
or writes reception data received from the network to a
reception bufller processing area which 1s provided on the
storage medium.

Further, the CPU 2212 may set all or necessary portions
of files or database stored i1n an external storage medium
such as the hard disk drive 2224, the DVD-ROM drive 2226
(DVD-ROM 2201), an IC card, or the like on the RAM
2214, and may perform various types of processing on the
data on the RAM 2214. The CPU 2212 then writes back the
processed data to the external storage medium.

Various types of information, such as various types of
programs, data, tables, and databases, may be stored in the
storage medium and processed. The CPU 2212 may perform
various types ol processing on data read from the RAM 2214
including various types of operations, information process-
ing, conditional determination, conditional branching,
unconditional branching, information search/replacement,
etc., which are described throughout the present disclosure
and designated by an instruction sequence of the program,
and the results may be written back to the RAM 2214.
Further, the CPU 2212 may search for information in a file,
database, or the like in the storage medium. For example, 1n
a case where a plurality of entries with attribute values for
a first attribute associated with an attribute value of a second
attribute are stored in the storage medium, the CPU 2212
searches an entry that 1s matched with the condition among,
the plurality of entries, where the attribute value of the first
attribute 1s specified, reads the attribute value of the second
attribute stored in the entry, thereby the attribute value of the
second attribute associated with the first attribute that sat-
isfies the predetermined condition may be acquired.

The program or software module described above may be
stored on the computer 2200 or in a computer-readable
medium near the computer 2200. Further, a storage medium
such as a hard disk or RAM provided in a dedicated
communication network or a server system connected to the
Internet can be used as a computer-readable medium,
thereby providing a program to the computer 2200 via a
network.

While the embodiments of the present invention have
been described, the technical scope of the imnvention 1s not
limited to the above described embodiments. It 1s apparent
to persons skilled in the art that various alterations and
improvements can be added to the above-described embodi-
ments. It 1s also apparent from the scope of the claims that
the embodiments added with such alterations or improve-
ments can be mcluded 1n the technical scope of the mven-
tion.

The operations, procedures, steps, and stages ol each
process performed by an apparatus, system, program, and
method shown 1n the claims, embodiments, or diagrams can
be performed 1n any order as long as the order 1s not
indicated by “prior to,” “before,” or the like and as long as
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the output from a previous process 1s not used 1n a later
process. Even 1f the process flow 1s described using phrases
such as “first” or “next” in the claims, embodiments, or
diagrams, 1t does not necessarily mean that the process must
be performed 1n this order.

L1
)

EXPLANAITION OF REFERENC.

100 data management system
110 data acquisition unit
120 data compression unit
130 data storage unit

140 data decompression unit
150 data size reduction unit
810 data accumulation unit
820 data transmission unit
2200 computer

2201 DVD-ROM

2210 host controller

2212 CPU

2214 RAM

2216 graphic controller
2218 display device

2220 mput/output controller
2222 communication interface

2224 hard disk drive

2226 DVD-ROM drive

2230 ROM

2240 mput/output chip

2242 keyboard

What 1s claimed 1s:

1. A data management system, comprising:

a data acquisition unit configured to acquire measurement
data obtained by measuring a measurement target;

a data storage unit configured to store the acquired
measurement data;

a data size reduction unit configured to delete at least a
part of the stored measurement data to reduce a data
size of the measurement data; and

a data compression unit configured to perform data com-
pression on the measurement data reduced 1n data size.

2. The data management system according to claim 1,

wherein the data compression unit 1s configured to loss-
lessly compress the measurement data reduced 1n data
S1Z€.

3. The data management system according to claim 1,

turther comprising:

a data decompression unit configured to decompress the
stored measurement data before reducing a data size of
the stored measurement data.

4. The data management system according to claim 2,

turther comprising;:

a data decompression unit configured to decompress the
stored measurement data before reducing a data size of
the stored measurement data.

5. The data management system according to claim 1,

wherein the data size reduction umt 1s configured to
reduce the number of samples of the stored measure-
ment data.

6. The data management system according to claim 2,

wherein the data size reduction unit 1s configured to
reduce the number of samples of the stored measure-
ment data.

7. The data management system according to claim 3,
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wherein the data size reduction unit i1s configured to
reduce the number of samples of the stored measure-
ment data.
8. The data management system according to claim 1,
wherein the data size reduction unit is configured to
reduce a bit width of the stored measurement data.
9. The data management system according to claim 2,
wherein the data size reduction unit i1s configured to
reduce a bit width of the stored measurement data.
10. The data management system according to claim 3,
wherein the data size reduction unit 1s configured to
reduce a bit width of the stored measurement data.
11. The data management system according to claim 1,
wherein the data size reduction unit 1s configured to
reduce the data size of the measurement data i accor-
dance with elapse of a predetermined time.

12. The data management system according to claim 2,

wherein the data size reduction unit is configured to
reduce the data size of the measurement data 1n accor-
dance with elapse of a predetermined time.

13. The data management system according to claim 11,

wherein the predetermined time 1s an elapsed time after
the measurement data has been stored.

14. The data management system according to claim 11,

wherein the predetermined time 1s an elapsed time after
the measurement data has been last accessed.

15. The data management system according to claim 11,

wherein the predetermined time can be set to a value that
1s different for each measurement data.

16. The data management system according to claim 13,

wherein the predetermined time can be set to a value that
1s different for each measurement data.

17. The data management system according to claim 1,

further comprising:

a data transmission unit configured to transmit the mea-
surement data after the data compression to other
systems or devices.

18. The data management system according to claim 2,

further comprising:

a data transmission umt configured to transmit the mea-
surement data after the data compression to other
systems or devices.

19. A data management method, comprising:

acquiring measurement data obtained by measuring a
measurement target:

storing the acquired measurement data;

deleting at least a part of the stored measurement data to
reduce a data size ol the measurement data; and

performing data compression on the measurement data
reduced in data size.

20. A storage medium having stored therecon a data

management program, wherein the program, when executed
by a computer, causes the computer to function as:

a data acquisition unit configured to acquire measurement
data obtained by measuring a measurement target;

a data storage unit configured to store the acquired
measurement data:

a data size reduction unit configured to delete at least a
part of the stored measurement data to reduce a data
size of the measurement data; and

a data compression unit configured to perform data com-
pression on the measurement data reduced 1n data size.
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